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(54) Method of making a self-aligned contact 

(57) A self -aligned contact (1 22) to a substrate (1 2) 
of a semiconductor device (100) is formed using a stop- 
ping layer (110) overlying the substrate (12). The stop- 
ping layer (110) comprising a material selected from the 
group consisting of silicon-rich nitride, silicon-rich oxide, 
carbon-rich nitride, silicon carbide, boron nitride, organ- 



ic spin-on-glass, graphite, diamond, carbon-rich oxide, 
nitrided oxide, and organic polymer. The stopping layer 
(110) promotes better semiconductor device (100) per- 
formance by contributing to greater selectivity with re- 
spect to an etch process used to remove an insulating 
layer (112) formed overlying the stopping layer (110). 
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Description 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to the field of sem- 
iconductor devices, and more specifically to a method 
for enhancing the performance of a contact in a semi- 
conductor device. 

BACKGROUND OF THE INVENTION 

Semiconductor device fabrication involves the for- 
mation of different components on a substrate using a 
variety of techniques, such as deposition, patterning, 
and etching. One component in semiconductor devices 
is a contact for coupling a layer of material to the under- 
lying substrate or another layer. Depending on the par- 
ticular application and the desired function, contacts 
may be holes, vias, channels, or other geometric struc- 
tures. One type of contact is a self -aligned contact. Self- 
aligned contacts are commonly used to decrease cell 
areas, which provides increased packing density. 

Etches for self-aligned contacts differ from etches 
for standard contacts because of the presence of an ex- 
posed shoulder of, for example, nitride, in the self- 
aligned contact structure that is very susceptible to etch 
erosion. Such a shoulder is not present in standard con- 
tacts. Because the exposed shoulder is susceptible to 
etch erosion, the etchant should etch the material on the 
exposed shoulder at a much slower rate than it etches 
the material in the proximity of the shoulder. For a given 
design, higher etch selectivities may increase the con- 
tact area. The greater the contact area, the lower the 
sheet resistance and the better the performance of the 
semiconductor device. Additionally, higher etch selec- 
tivities contribute to preventing electrical shorts near the 
shoulder. 

One method for effecting a high etch selectivity is 
modifying the chemistry of the etchant. However, adjust- 
ing the chemistry of the etchant may lead to the detri- 
mental problem of stop-etch, which is generally an in- 
complete etch due to polymer build-up. Another method 
for effecting a high etch selectivity is adjusting the etch 
process parameters, such as temperature. Adjusting 
such parameters is commonly referred to as "knob" 
changes. However, "knob" changes may not always be 
accomplished in a timely fashion and therefore may be 
inadequate to effectively increase selectivity. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, disadvan- 
tages and problems associated with a method for en- 
hancing the performance of a self-aligned contact have 
been substantially reduced or eliminated. 

In accordance with an embodiment of the invention, 
a method for forming a contact to a substrate of a sem- 
iconductor device includes forming a stopping layer 



overlying the substrate, the stopping layer comprising a 
material selected from the group consisting of silicon- 
rich nitride, silicon-rich oxide, carbon-rich nitride, silicon 
carbide, boron nitride, organic spin-on-glass, graphite, 

5 diamond, carbon-rich oxide, nrtrided oxide, and organic 
polymer. The method further includes forming an insu- 
lating layer overlying the stopping layer and etching por- 
tions of the insulating layer to define a contact region. 
The method also includes removing portions of the stop- 

10 ping layer in the contact region. 

In accordance with another embodiment of the in- 
vention, a semiconductor device formed in a surface of 
a substrate and having a gate and a self-al igned contact 
is provided. The transistor includes a first conductive 

15 material forming a portion of the gate and a second con- 
ductive material forming a portion of the self-aligned 
contact, the conductive material contacting the sub- 
strate. The semiconductor device further comprises a 
dielectric material structure contacting both the first con- 

20 ductive material and the second conductive material, 
the dielectric material selected from the group consist- 
ing of silicon-rich nitride, silicon-rich oxide, carbon-rich 
nitride, silicon carbide, boron nitride, organic spin-on- 
glass, graphite, diamond, carbon-rich oxide, nrtrided ox- 

25 jde, and organic polymer. 

Important technical advantages of the invention in- 
clude providing a method for increasing the selectivity 
with respect to an etch in a self-aligned contact struc- 
ture. Therefore, the invention provides a method for 

30 forming a self-aligned contact with a reduced possibility 
of a short near the shoulder of a self-al igned contact. 
Furthermore, the invention allows for maximizing the ar- 
ea on the substrate that is in contact with a self-al igned 
contact. The large contact area reduces the contact re- 

35 sistance and therefore increases the performance of the 
semiconductor device. 

Other important technical advantages of the 
present invention include increasing etch selectivity 
without necessarily adjusting the chemistry of the etch- 

^o ant. Therefore, problems previously associated with 
such a procedure, such as stop etch, may be avoided. 
Furthermore, greater etch selectivity may be achieved 
without requiring "knob" changes, which may be ineffec- 
tive or may adversely affect other portions of the man- 

45 ufacture of the semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be further described 
50 by way of example, with reference to the accompanying 
drawings in which: 

FIGURES 1A through 1F illustrate a method for 
forming a contact to a substrate; 
55 FIGURE 2 illustrates a method for implanting a de- 
sired implant material at an angle to form a region 
having a desired concentration distribution of im- 
planted material; and 
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FIGURE 3 illustrates a completed self-aligned con- 
tact structure manufactured according to another 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A preferred embodiment of the present invention 
and its advantages are best understood by referring to 
FIGURES 1 A through 3 of the drawings, like numerals 
being used for like and corresponding parts of the vari- 
ous drawings. 

FIGURES 1A through 1F illustrate a method for 
forming a self-aligned contact to substrate 12. FIGURE 
1 A illustrates a cross section of semiconductor device 
1 00 during fabrication, which already includes gates 1 02 
formed overlying substrate 12. Substrate 12 comprises 
silicon, silicon on insulator (SOI), or any other appropri- 
ate substrate for semiconductor fabrication. Substrate 
1 2 may comprise a layer of material formed over a sub- 
strate of a semiconductor device. In one embodiment, 
gates 1 02 comprise a gate dielectric film 1 03, a conduc- 
tive film 104 overlying gate dielectric film 103, and an 
insulating film 106 overlying conductive film 104. Gates 
1 02 may be formed using any suitable technique, for ex- 
ample by: depositing or thermally growing gate dielectric 
film 103; depositing conductive film 104 overlying gate 
dielectric film 103; depositing insulating film 106 overly- 
ing conductive film 104; and patterning gate dielectric 
film 103, conductive film 104, and insulating film 106 to- 
gether to form gates 102. 

Gate dielectric film 103 may be formed from oxide, 
oxynitride, or other suitable material with the desired di- 
electric properties. Conductive film 1 04 may be a metal, 
amorphous polysilicon, polysilicides, tungsten silickJes, 
or other appropriate conductive material, as well as any 
combination of these films. In one embodiment, insulat- 
ing film 106 may be formed from nitride with or without 
some oxide, or from other suitable insulating film or film 
combinations. In another embodiment, insulating film 
106 may comprise a material selected to increase the 
selectivity of an etch with respect to insulating film 106 
and therefore reduce the possibility of a short between 
the gate conductive film 1 04 and a subsequently formed 
contact. Forming insulating film 106 from materials that 
increase the selectivity of an etch with respect to insu- 
lating material 1 06 allows for increased contact area for 
the self-aligned contact, enhancing the performance of 
semiconductor device 100. Suitable materials for insu- 
lating material 106 are discussed in greater detail below. 

FIGURE 1B illustrates device 100 after forming in- 
sulating sidewalls 108 overlying gates 102 with a stop- 
ping layer 110. In one embodiment, sidewalls 108 may 
be formed by depositing an insulating material, such as 
oxide or nitride, using a low pressure or plasma chemi- 
cal vapor deposition (CVD) technique; however other 
deposition techniques may be used. The insulating ma- 
terial is then anisotropicalry etched until a desired por- 
tion of substrate 12 between gates 102 is exposed. In 



another embodiment, sidewalls 108 may comprise a 
material that provides increased selectivity for an etch 
process with respect to the sidewall 108. Stopping layer 
110 may be formed, for example, by depositing a layer 

5 of appropriate dielectric material overlying gates 102 
and insulating sidewalls 108 using a CVD technique. Al- 
ternative suitable deposition or growth techniques may 
also be used to form stopping layer 1 10. An appropriate 
material used to form stopping layer 110 is discussed in 

10 greater detail below in conjunction with FIGURE 1D. 

FIGURE 1C illustrates device 100 after several ad- 
ditional process steps, including: forming insulating lay- 
er 112 overlying stopping layer 110, forming mask 116 
overlying insulating layer 112, and patterning mask 116 

15 to define contact region 118. Insulating layer 112 may 
be formed using any appropriate deposition or growth 
technique, including without limitation chemical deposi- 
tion at low pressure or using plasma, spin coating, sput- 
tering, or other deposition or growth techniques. Insu- 

20 lating layer 112 may comprise oxide or a doped oxide, 
such as for example, boron phospho-silicate glass 
(BPSG) or other suitable material for electrically insulat- 
ing components in semiconductor device 110. Mask 116 
may comprise any suitable patterning material that can 

25 define contact region 118. In one example, mask 116 
may be a negative or positive photoresist that is pat- 
terned using an appropriate photolithography tech- 
nique. A planarization technique may be included during 
any phase of the formation of device 100 illustrated in 

30 FIGURE 1 C. For example, after forming insulating layer 
112, a planarization technique may be empbyed before 
forming mask 116. Planarization may be accomplished 
by a reflow process, spin coating, chemical or mechan- 
ical polishing, a planarization etch, or other appropriate 

35 planarization technique. 

FIGURE 1D illustrates device 100 after removing 
portions of insulating layer 112 in contact region 118. 
The removal process may be performed by, for example, 
an anisotropic etch that is selective to stopping layer 

40 no. Example etchants comprise compounds compris- 
ing carbon and fluorine; however, other etchants may 
be used. In one embodiment, insulating layer 112 may 
be removed with a C 4 F 8 etchant. During etching, if the' 
etch is not selective enough with respect to stopping lay- 

45 er 110, stopping layer 110 is susceptible to erosion, 
which is undesirable. Erosion in shoulder region 113 
may be particularly deleterious to semiconductor device 
110 because a short may develop between conductive 
material 104 and a subsequently formed self -aligned 

50 contact 1 22, shown in FIGURE 1 F. Therefore, stopping 
layer 1 1 0 is formed from an appropriate material that in- 
creases the selectivity of the etch with respect to stop- 
ping layer 110. Materials appropriate for use as stopping 
layer 1 1 0 are discussed in greater detail below. After re- 

55 moval of portions of insulating layer 112, the stopping 
layer 1 1 0 may be removed by a second anisotropic etch 
selective to sidewall region 108 and insulating film 106, 
resulting in the structure illustrated in FIGURE 1E. The 
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resulting structure comprises contact region 118 defined 
by the removal of vertically aligned portions of stopping 
layer 110 and insulating layer 112. 

Stopping layer 110 is formed from an appropriate 
material that may result in an etch that is more selective 
to stopping insulating layer 110 than to conventional 
masking materials, such as nitride. If the etch selectivity 
between insulating layer 112 and stopping layer 110 is 
not great enough, stopping layer 110 may significantly 
erode during etching of insulating layer 112. If such ero- 
sion occurs, the subsequent etch of stopping layer 110 
to expose substrate 12, as illustrated in FIGURE 1E, re- 
quires a higher degree of selectivity with respect to in- 
sulating film 106 and sidewall 108 than would be re- 
quired if stopping layer 110 experienced no erosion dur- 
ing etching of insulating layer 112. Alternately, insulating 
film 1 06 and sidewall 1 08 could be formed with a greater 
thickness to compensate for such erosion. Thus, the use 
of an appropriate material for stopping layer 110 may 
allow the use of thinner films for insulating film 1 06 and 
sidewall 108, which increases contact area and im- 
proves planarity. In addition, the use of an appropriate 
material for stopping layer 110 may allow the insutating 
film 106 and sidewall 108 to be chosen based on their 
dielectric properties rather than for their etch selectivity. 
Furthermore, if etching of either insulating layer 112 or 
stopping layer 110 results in removal of a significant por- 
tion of either sidewall spacer 108 or insulating film 106, 
an electrical short between the conductive film 104 and 
subsequently formed contact 122, illustrated in FIGURE 
1 F, may occur. Such a short is most likely to occur near 
shoulder region 113, illustrated in FIGURE 1D. Addition- 
ally, in an effort to avoid such a short, an etch may be 
terminated prematurely, leaving a portion of stopping 
layer 110 overlying substrate 12 and therefore reducing 
the contact area. Reduction of contact area may be det- 
rimental to the performance of semiconductor device 
100. Therefore, increasing the selectivity of an etch with 
respect to stopping layer is desirable. 

To provide a high etch selectivity ratio between in- 
sulating layer 1 1 2 and stopping layer 110, stopping layer 
110 should be formed from an appropriate material. One 
such material comprises silicon-rich nitride. Silicon-rich 
nitride possesses more silicon than stoichiometric ni- 
tride. In one embodiment, stopping layer 110 comprises 
silicon-rich nitride having a silicon to nitrogen ratio great- 
er than 0.75:1 . In another embodiment, silicon to nitro- 
gen ratios of approximately 1.5:1 to 2.0:1 may be par- 
ticularly advantageous. However, any silicon level 
greater than that required by stoichiometric proportions 
may be used. The extra silicon in stopping layer 110 af- 
fects the chemical reactions associated with the use of 
common etchants used with nitride, such as C 4 F 8 , mak- 
ing the etchant more selective to stopping layer 110 than 
it is without the extra silicon in stopping layer 110. Other 
materials that affect the chemical reactions that occur 
with various etchants that may be used to etch insulting 
layer 112 and that may be used in stopping layer 110 



comprise carbon-rich nitride, silicon-rich oxide, organic 
spin-on-glass, silicon carbide, carbon-rich oxide, nitrid- 
ed oxide, and organic polymers. As used in this context, 
"carbon-rich nitride" designates nitride possessing 

5 some carbon and "carbon-rich oxide" designates oxide 
possessing some carbon. 

In addition to affecting the chemical reactions asso- 
ciated with an etch, the selection of silicon carbide for 
use within or as a stopping layer 110 provides a physi- 

io calfy harder stopping layer 1 1 0 to etch. Therefore, in ad- 
dition to gains in selectivity attained through chemistry, 
silicon carbide also affects the mechanical portion of an 
etch and therefore increases selectivity with respect to 
stopping layer 110. Other materials that may be used 

is for stopping layer 1 1 0 that increase selectivity due to in- 
creased hardness comprise carbon-rich nitride, graph- 
ite, diamond, nitrkJed oxide, and boron nitride. 

FIGURE 1 F illustrates device 1 00 after forming con- 
ductive material 120 in contact region 118 to complete 

20 fabrication of self-aligned contact, shown generally as 
element 122. Due to the etch selectivity of first stopping 
layer 110 the surface area of the contact between the 
self-aligned contact 122 and the substrate 12 may be 
maximized. Furthermore, the possibility of a short oc- 

25 curring near shoulder 113 illustrated in FIGURE 1B is 
reduced by the increased selectivity of the etch to layer 
110. Self-aligned contact 122 couples substrate 12 and 
one or more overlying layers using the limited space be- 
tween gates 102. Further fabrication of device 100 may 

so incorporate contact 1 22 into a storage node capacitor, 
transistor, bit line component, word line component, or 
any other suitable component in a semiconductor de- 
vice. 

A stopping layer 110 comprising one of the above 

35 materials may be deposited as discussed above in con- 
junction with FIGURE 1B. Alternatively, a standard die- 
lectric, such as nitride, may be deposited and then im- 
planted with appropriate implants to provide the desired 
above-mentioned physical or chemical properties for 

40 stopping layer 110. Appropriate implants for nitride com- 
prise silicon, boron, and carbon. In one embodiment, an 
appropriate level of implantation of silicon comprises sil- 
icon-rich nitride having a7 silicon to nitrogen ratio great- 
er than 0.75:1. In another embodiment, silicon to nitro- 

45 gen ratios of approximately 1.5:1 to 2.0:1 may be par- 
ticularly advantageous. However, any suitable level of 
implantation that increases the selectivity of the etchant 
with respect to the stopping layer 110 may be used. Fur- 
thermore, rather than implanting silicon into a standard 

50 dielectric, such as nitride, to form stopping layer 110, a 
hexamethyldisibxane (HMDS) treatment may be ap- 
plied to nitride with the result of increasing the silicon 
level of the nitride. Other surface treatments that in- 
crease the level of a desired element in materials used 

55 to form stopping layer 1 1 0 may also be used. 

FIGURE 2 illustrates one method for implanting 
suitable materials to form stopping layer 110. As illus- 
trated in FIGURE 2, suitable materials are implanted in- 
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to stopping layer 110 at an angle approximately 45 de- 
grees from the horizontal. In one embodiment, the angle 
of implantation, measured from a plane parallel to the 
substrate, is chosen so that the implants will collide in a 
perpendicular fashion with stopping layer 110 at por- 
tions of the stopping layer where etch selectivity is most 
important. Thus, in one embodiment the angle of im- 
plantation selected may be dependent upon the geom- 
etry of shoulder region 1 1 3. Because the region of stop- 
ping layer 110 that is perpendicular to the angle of im- 
plantation receives more of the implant material, stop- 
ping layer 11 0 will have a higher concentration of implant 
in the region of stopping layer 110 perpendicular to the 
angle of implantation. Thus, by selecting the angle of 
implantation, the selectivity of the etch to the shoulder 
region 113 may be selectively increased. In this manner, 
the increased levels of suitable materials implanted may 
be concentrated in areas where the selectivity effects 
are most greatly needed without increasing levels of im- 
planted material unnecessarily in regions of stopping 
layer 110 where increased selectivity is not as critical. 
Therefore, any deleterious effects on the manufacturing 
process that may be attributable to increased levels of 
implanted material may be minimized. Although a large 
angle of implantation is illustrated, conventional implan- 
tation techniques may also be used to form the desired 
material for stopping layer 110. 

FIGURE 3 illustrates a completed self-aligned con- 
tact. The formation of the device 200 illustrated in FIG- 
URE 3 is substantially similar to the formation of device 
100. However, stopping layer 110 is not used. Because 
stopping layer 110 is not used, only one etch is required 
to expose the surface of substrate 12 underlying insu- 
lating layer 112. In this embodiment sidewall 108 and 
insulating film 1 06 may be formed from the materials dis- 
cussed above in conjunction with the formation of layer 
110. The formation of sidewall 1 08 and thin film 1 06 may 
also comprise implantation or surface treatment in a 
similar manner to that discussed above in conjunction 
with FIGURES 1 A through 1 F and FIGURE 2. Forming 
insulating film 106 and sidewall 108 from materials that 
provide increased etch selectively with respect to insu- 
lating film 106 and sidewall 108 decreases the possibil- 
ity of a short between conductive film 104 and self- 
aligned contact 1 22 and additionally maximizes the sur- 
face area of the contact between substrate 12 and self- 
aligned contact 120, which enhances the performance 
of device 200. In addition, forming insulating film 106 
and sidewall 108 from materials that provide increased 
etch selectivity with respect to insulating film 106 and 
side wall 1 08 decreases the possibility of premature ter- 
mination of an etch because insulating layer 112 may 
be completely etched without significantly eroding insu- 
lating film 106 or sidewall 108. Therefore, the contact 
area between substrate 12 and self-aligned contact 122 
may be maximized. 

Although the present invention has been described 
with several embodiments, a myriad of changes, varia- 



tions, alterations, transformations, and modifications 
may be suggested to one skilled in the art, and it is in- 
tended that the present invention encompass such 
changes, variations, alterations, transformations, and 
& modifications as fall within the spirit and scope of the 
teachings disclosed herein. 



Claims 

10 

1 . A method for forming a contact, comprising: 

forming a stopping layer overlying a substrate; 
forming an insulating layer overlying the stop- 
is ping layer; 

etching portions of the insulating layer to define 
a contact region; and 

removing portions of the stopping layer in the 
contact region. 

20 

2. The method of Claim 1 , wherein the step of form ing 
the stopping layer comprises forming the stopping 
layer from a material selected from a group of ma- 
terials comprising: silicon-rich nitride, silicon-rich 

25 oxide, carbon-rich nitride, carbon-rich oxide, silicon 
carbine, boron nitride, organic spin-on-glass, 
graphite, diamond, nitrided oxide and organic poly- 
mer. 

30 3. The method of Claim 1 or Claim 2, wherein the step 
of forming the stopping layer comprises forming the 
stopping layer from silicon-rich nitride having a sili- 
con to nitrogen ratio in the range of approximately 
1.5:1 to 2.0:1. 

35 

4. The method of any of Claims 1 to 3, wherein the 
step of forming the stopping layer comprises the 
steps of: 

^0 forming a nitride layer; and 

implanting into the nitride layer an implant ma- 
terial 

5. The method of Claim 4, wherein the step of implant- 
45 ing the implant material into the nitride layer com- 
prises implanting an implant material selected from 
a group of materials comprising: silicon, carbon and 
boron. 

so 6. The method of Claim 4 or 5, wherein the step of im- 
planting into the nitride layer comprises implanting 
the material at a selected angle to provide a higher 
concentration of implanted material at a desired 
portion of the nitride layer than at other portions of 

ss the nitride layer. 

7. The method of Claim 6, wherein the step of implant- 
ing the implant material into the nitride layer com- 
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prises implanting the implant material at a selected 
angle of approximately forty-five degrees. 

8. The method of any of Claims 1 to 3, wherein the 
step of forming the stopping layer comprises the s 
steps of: 

forming a nitride layer, and 
treating portions of the nitride layer with hexam- 
ethyldisilazene to increase silicon content in 10 
the nitride layer. 

9. The method of any of Claims 1 to 8, wherein the 
step of etching portions of the insulating layer com- 
prises the step of etching portions of the insulating is 
layer with an etchant comprising carbon and fluo- 
rine. 

1 0. A method for forming a self -aligned contact to a sub- 
strate proximate a gate of a field-effect transistor, 20 
comprising: 

forming a first film overlying the substrate; 
forming a conductive film overlying the first film 
to form a conductive portion of the gate; 25 
forming a second film overlying the conductive 
film; 

forming a sidewail associated with the conduc- 
tive film; 

forming an insulating layer overlying the sec- 30 
ond film and overlying the sidewail; and 
removing portions of the insulating layer to de- 
fine a contact region. 

11 . The method of Claim 1 0, wherein the step of form- 35 
ing the second film comprises forming the second 
film from a material selected from a group of mate- 
rial comprising: silicon-rich nitride, silicon-rich ox- 
ide, carbon-rich nitride, carbon-rich oxide, silicon 
carbide, boron nitride, organic spin-on-glass, 40 
graphite, diamond, nitrided oxide and organic poly- 
mer. 

12. The method of Claim 10 or Claim 11, wherein the 
step of forming the sidewail comprises forming the 45 
sidewail selected from a group of materials com- 
prising: silicon-rich nitride, silicon-rich oxide, car- 
bon-rich nitride, silicon carbide, boron nitride, or- 
ganic spin-on- and organic polymer, and combina- 
tions thereof. so 

13. The method of any of Claims 10 to 12, wherein the 
step of forming the second film comprises forming 
the second film from silicon-rich nitride having a sil- 
icon to nitrogen ratio in the range of approximately ss 
1.5:1 to 2.0:1. 

14. The method of any of Claims 10 to 13, wherein the 



step of forming a second film comprises the steps 

of: 

forming a nitride layer overlying the conductive 
film; and 

implanting into the nitride layer an implant ma- 
terial. 

15. The method of Claim 14, wherein the step of im- 
planting the implant material into the nitride layer 
comprises implanting an implant material selected 
from a group of materials comprising: silicon, car- 
bon and boron. 

16. The method of any of Claims 10 to 14, wherein the 
step of forming the sidewail comprises forming the 
sidewail from silicon-rich nitride having a silicon to 
nitrogen ratio in the range of approximately 1.5:1 to 
2.0:1. 

17. A semiconductor device formed in a substrate and 
having a gate and a self-aligned contact, the semi- 
conductor device comprising: 

a first conductive material forming a portion of 
the gate; 

a second conductive material forming a portion 
of the self-aligned contact, the second conduc- 
tive material contacting the substrate; and 
a dielectric material structure contacting both 
the first conductive material and the second 
conductive material. 

18. The semiconductor device of Claim 1 7, wherein the 
dielectric material is selected from a group of mate- 
rials comprising: silicon-rich nitride, silicon-rich ox- 
ide, carbon-rich nitride, carbon-rich oxide, silicon 
carbide, boron nitride, organic spin-on-glass, 
graphite, diamond, nitrided oxide and organic poly- 
mer. 

19. The semiconductor device of Claim 1 7 or Claim 18, 
wherein the dielectric material structure, comprises 
a sidewail spacer adjacent the conductive film. 

20. The semiconductor device of any of Claims 17 to 

19, wherein the dielectric material structure overlies 
the conductive film. 

21. The semiconductor device of any of Claims 17 to 

20, wherein the dielectric material comprises sili- 
con-rich nitride having a silicon to nitrogen ratio in 
the range of approximately 1.5:1 to 2.0:1. 
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